In order to extract quantitative information on deep-sea benthic animals (no. individuals or biomass in an area) using oblique video/photo images taken by deep-sea submersible survey platforms, a new method was established to estimate the imaged area of the seafloor from the oblique images. The trapezoidal area appearing on the lower half of the screen was calculated using underwater horizontal and vertical aperture angles of the camera, the angle of incidence of the camera, and the camera-to-seafloor distance. The incidence angle of the camera was obtained using the angles of vehicle pitch and camera tilt, while the camera-to-seafloor distance was calculated from the lens-to-vehicle bottom distance, horizontal distance of lens-to-altimeter, and vehicle altitude. The areas estimated by the present method from images taken by some submersible survey platforms were comparable to those that were actually measured. With the above parameters, and by focusing on the lower half of an image, our method can be used for estimating the seafloor area from any oblique video/photo images taken by any submersible survey platform. Thus, this method is useful for the extraction of quantitative data on benthic animals from legacy oblique video/photographs acquired by submersible survey platforms.
Estimation of sea floor area from oblique images Video and/or photo images taken by submersible survey platforms are helpful in understanding biological, geological and topographic settings in the deep-sea. In a biological study, these images are not just useful for obtaining qualitative information such as the distribution of deep-sea benthos, but also for obtaining quantitative information, such as abundance (e.g. individual m
−2 ) and biomass (e.g. mg m −2 ) (e.g. Ohta and Laubier, 1987; Fujikura et al., 1995 Fujikura et al., , 1996 Fujikura et al., , 2002 . To date, various deepsea survey platforms with a variety of camera systems have been operated by JAMSTEC -dating back to the 1980s (Fujikura et al., 2008) . Extraction of quantitative information on deep-sea benthic animals in various regions, using these the accumulated video/photo records, is necessary for understanding long-term changes and obtaining baselines to assess the impact of catastrophic events such as the 2011
Tōhoku earthquake (Seike et al., 2013) or the effects of deepsea mineral mining (Collins et al., 2013) .
Extraction of quantitative information (e.g. abundance or biomass) requires information on the area of the seafloor that was imaged (e.g. m 2 ). A down-facing camera mounted on a submersible, ROV or deep-towed camera system is often used to estimate the area of the seafloor (e.g. Fujikura et al., 1995 Fujikura et al., , 2002 Jones et al., 2007; Guinan et al., 2009) 
where a is the distance from the camera lens to the seafloor, and α and β are the vertical and horizontal aperture angles of the camera, respectively (Jones et al., 2007) . However, most of the video/photo images taken by JAMSTEC's submersible survey platforms are from forward-facing cameras, angled obliquely towards the seafloor , and thus the above equation is not applicable.
In an image angled obliquely towards the seafloor (hereafter "oblique image"), the seafloor appears in the image in a trapezoidal geometry, with the imaged area expanding into the distance (i.e. the upper part of the image).
In a previous study, Rice et al. (1979 Rice et al. ( , 1982 (2003) . Moreover, the upper half of images is always darkin most cases due to insufficient illumination, which makes it difficult to count, identify, and sometimes even to recognize the benthic animals. In this paper, we report a new method to estimate the imaged area of the seafloor from oblique images taken with a shallow camera tilt.
The present study estimated the area of only the lower half of each image (Fig. 3a) , because the incident point of the camera lens (C in Figs. 3a, b) , that determines the angle of incidence (θ in Fig. 3b ), lies exactly in the middle of the image. The angle of incidence (θ) is a vital parameter to measure the area from oblique images, and focusing only on the lower half (1/2) of an image, below the middle point, makes the areal calculation easier than for the whole area Estimation of sea floor area from oblique images and horizontal (β) aperture angles of the camera, the angle of incidence of the camera (θ), and the camera-to-seafloor distance (OH). The incidence angle of the camera (θ) was obtained using the angles of vehicle pitch (η) and camera tilt (ρ), while the camera-to-seafloor distance ( 
where AE and BD are the actual lengths of the lower and upper bases in the trapezoid ABDE, respectively, and CF is the vertical length of the trapezoid. AE, BD and CF were calculated as follows:
3. An example of an oblique image, emphasizing the lower half of the image (a) and a diagram of the trapezoidal sea-floor that appears in the lower half of the image (b). O, origin (camera lens of submersible survey platform); C, image center; OC, lens-to-image center distance; OH, lens-to-seafloor distance; θ, angle of incidence; α, vertical aperture angle of the camera; and β, horizontal aperture angle of the camera.
R. Nakajima et al. CF = OH(tan
where OH is the lens-to-seafloor distance, θ is the angle of incidence, and β is the horizontal aperture angle of the camera. δ was estimated as follows:
where α is the vertical aperture angle of the camera. θ was obtained by summing the angles of vehicle pitch (η) and camera tilt (ρ) (see Fig. 4 ):
where downward η angle is often expressed with a positive (+) value, while the downward ρ angle is often expressed with a negative (−) value. The lens-to-seafloor distance (OH) was obtained as follows:
where a is lens-to-vehicle bottom distance (see Fig. 4 ), c is horizontal distance of lens-to-altitude meter and d is altitude as measured by the altitude meter. γ was obtained as follows:
In order to test if our equations are reliable, we measured, with a tape measure, the exact area of the portion of the ship deck that was visible in the lower half of the field-of-view of the video camera of the HOV Shinkai 6500
and ROV Hyper-Dolphin, and compared it with the value estimated using our equations. Since it was difficult to test The estimated area of the lower half of an image taken by the Shinkai 6500 (6.22 m 2 ) was almost equal to that actually measured (6.12 m 2 ). Similarly, the area estimated from an image taken by the Hyper-Dolphin (7.12 m 2 ) was comparable to that which was actually measured (6.94 m 2 ).
Therefore, the method we have established can be used to estimate the imaged area of the seafloor from oblique images. In practice, a lens will always have a measure of distortion and thus β will have a range. However, most of the JAMSTEC submersible platforms use a wide-angle lens, which lowers the distortion. We therefore consider the error due to distortion to be negligible compared to the size of recognizable animals on the seafloor.
Is should be noted that the 'imaged area of the seafloor' in our method is the projected area of a plain surface perpendicular to the gravity axis, and thus the method established in the present study is not strictly applicable over slopes. The estimated area would be overestimated with increasing inclination angle of the seafloor. Although the inclination angle of the seafloor for X-and Y-axes relative to the vehicle is difficult to measure, corrections will be required in some way if data on the angle of inclination is available. Similarly, our method assumes that the relative roll angle of the camera is near zero vs the seafloor. Therefore, the equations will not be applicable when the vehicle is rolling, even over flat seafloor perpendicular to the gravity axis. It should also be noted that our method is only applicable when the focal length of the camera is known, as it significantly affects the angles of vertical (α) and horizontal (β) aperture of the camera.
Since the focal length of the camera is rarely recorded in Table 1 and data on the other parameters (i.e. altitude, vehicle pitch and camera tilt) for previous survey dives, the seafloor area of images and the abundances of animals (individuals m −2 ) is also information that GODAC could conceivably provide in the future.
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